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ABSTRACT 
 
 
Biological materials may be studied using neutrons as an unconventional tool of analysis. Dynamics and 
structures data can be obtained for amino acids, protein and others cellular components by neutron cross-
sections determinations especially for applications in nuclear purity and conformation analysis. The instrument 
used for this is the crystal spectrometer of the Instituto de Engenharia Nuclear (IEN-CNEN-RJ), the only one in 
Latin America that uses neutrons for this type of analyzes and it is installed in one of the reactor Argonauta 
irradiation channels. The experimentally values obtained are compared with calculated values using literature 
data with a rigorous analysis of the chemical composition, conformation and molecular structure analysis of the 
materials. A neutron cross-section database was constructed to assist in determining molecular dynamic, 
structure and formulae of biological materials. The database contains neutron cross-sections values of all amino 
acids, chemical elements, molecular groups, auxiliary radicals, as well as values of constants and parameters 
necessary for the analysis. An unprecedented analitycal procedure was developed using the neutron cross-
section  parceling and grouping method for data manipulation. This database is a result of measurements 
obtained from twenty amino acids that were provided by different manufactories and are used in oral 
administration in hospital individuals for nutritional applications. It was also constructed a small data file of 
compounds with different molecular groups including carbon, nitrogen, sulfur and oxygen, all linked to 
hydrogen atoms. A review of global and national scene in the acquisition of neutron cross sections data, the 
formation of libraries and the application of neutrons for analyzing biological materials is presented. This 
database has further application in protein analysis and the neutron cross-section from the insulin  was stimated. 
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1. INTRODUCTION 
 
Amino acids essential and not essentials, proteins and other cellular components are being 
studied at the Instituto de Engenharia Nuclear (IEN) using neutrons as a tool of analysis. 
Monochromatic neutrons are obtained from a crystal spectrometer installed in the J-9 
irradiation channel of the Argonauta reactor. Dynamics and structures data can be obtained 
for all cellular components by neutron cross-sections determinations, especially for 
applications in nuclear purity and conformation analysis.  
 
Neutrons of good quality and well-defined energies are obtained by neutron diffraction and 
transmission techniques  for neutron cross-sections determinations and at first, an amino 
acids database was constructed and it is intended  application in proteins and others cellular 
components.  Neutron cross sections are obtained worldwide in individual laboratories for 
many years and collected in a central laboratory to form a large database for global 
distribution. 
 
 
1.1 . Neutron Database Collection in the World    
 
Neutron data cross-sections for chemical elements and their isotopes are found in manuals 
published by  Brookhaven National Laboratory (BNL) and are available for consultation in  
manuals called "barnbooks" or BNL-325 publications. 
 
The first publication, 1955 "barnbook"[1], presents data as graphs for each element or isotope 
individually. Neutron cross-sections are displayed as a function of neutron energy on the 
order of thousandths of eletronVolt (eV), even hundreds of millions of eletronVolt (MeV). A 
part of the book is reserved for graphics of neutron elastic scattering distributions of several 
light elements. 
 
In the following publication, 1973 manual [2], neutron data cross sections are presented in 
graphical form, more detailed and including tables, important in the characterization of 
neutron nuclear resonances.  
 
The most recent, 2006 manual [3], includes both forms of presentation, in the same 
publication.  
 
Neutron data cross-sections are useful for various areas of science. In Reactor Physics and 
Engineering are used as input data in calculations of nuclear reactors cores. In Elementary 
Particle Physics and Nuclear Physics they characterize the nuclear levels, important in studies 
of excited states, decay of particles and radiations, etc. 
 
In  Medicine, these nuclear data are important in therapy and diagnosis, as in Boron Neutron  
Capture Therapy (BNCT), Neutrongraphy and Neutron Tomography application techniques, 
mainly in purity control analysis of chemicals and medicines provided both by national 
industry and around the world.  
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1.2. Neutron Database Collection  in Brazil  
 
Recently, it has been developed at the IEN a novel method for the quality control by neutron 
cross sections measurements[4]. It was created a small database that can be used in larger 
molecules. This promises to get neutron cross-sections values for each protein, enzyme, 
polysaccharides, fatty acids, membranes, organelles and other cell components.  
 
It is thus a way to quantify or assign a number to a molecular  compound by overall measure 
of all its atomic nuclei and these data are not included in the “barnbooks’’ or neutron manuals 
[5]. 
 
With the purpose of calculating the neutron cross- section above of a few eV for  a molecular 
compound, these data can be obtained by the direct sum of the chemical elements neutron 
cross-sections that are available in the "barnbooks". 
  
When the neutron energies are in the order or under the energy of chemical bonds between 
atomic elements, there is no direct relationship between the neutron cross-section of an 
element and the neutron cross-section of a group of atoms. Further studies in this region of 
neutron energies is needed for more details about the molecular structures and dynamics of 
compounds. 
 
Data for compounds, as simple as a water molecule, requires a complex treatment to obtain   
the theoretical neutron cross-section and in this case some computer calculations are needed  
using the  Nelkin Model for example [6]. 
 
On the other hand, there is an analytical method or practical way to obtain molecules data 
[4,5] and was developed at the IEN laboratories. One can use data of small molecules or 
molecular groups obtained both from the bibliography or by a neutron spectrometer isolated 
measurements to construct the neutron cross-sections library for more complex molecules.  
 
This data appears in diverse and dispersed form, as in academic papers and / or publications 
by research centers or institutions that apply neutron spectrometry. 
The world's largest research centers have reactors, accelerators and “spallation” sources that 
produce neutrons,  the necessary tool for obtaining parameters or to supply data, in addition 
to  those obtained by the physicochemical conventional techniques.  
 
The development of this technology at the IEN is a challenge since the Argonaut reactor is a 
source of low intensity of neutrons. However this inconvenience is overcome with longer 
time of irradiations and   
using optimized geometries with suitable devices, as a neutron trap or a neutron moderator 
with high scattering and low absorption, so that the statistical of neutron counts be equating 
of large laboratories. 
 
In  Brazil, in  the 60s and 70s,  the  neutron    spectrometry    group of  the  Instituto de 
Pesquisas Energéticas  e  Nucleares   (IPEN-CNEN-SP)     published   several  international  
reference   papers, as a  significant  contribution  to  BNL-325  neutron   cross-sections  
database, especially  for   the   rare   earth elements[7]. 
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Neutron cross-sections and other data of molecular compounds do not appear in the 
referenced manuals, but are being studied at the IEN laboratories. It forms today a reference 
database to  supply parameters  of materials in order  to unravel its molecular structure and 
dynamics and were obtained from, doctoral  theses, dispersed bibliography, as well as  
manipulated and experimentally obtained data [5,8,9]. 
 
Proteins    are    good    examples   to   discuss,  some   can be    provided   as   medicines    by     
laboratories according to  international  standards  but very little is known  about  their  
folding  processes, molecular    dynamics, structures    and  conformations.    In fact, even 
today,  proteins  are  like  a  box of  surprises.    These   arguments   are grounds for many 
types of diseases in humans and  therefore a good reason to know better.     
 
At the  IEN  these  data types, specially total neutron cross-sections, began to be obtained in 
the 70s [10], for control, analysis   and       characterization   of   materials used in nuclear 
reactors, and are now facing the determination    of    health-related    parameters   for  
Nutrition,   Biology    and   Medicine   applications [11,12,13,14]. 
 
Unpublished total neutron cross sections data of   chemical compounds and  molecules   of  
more complex structures   were    obtained    by   neutron   diffraction  and   transmission  
techniques   using   the  crystal spectrometer installed at the Argonauta reactor. 
 
 
1.3. Neutron Cross-Sections Database for Molecular Dynamics, Structures and  
Chemical   Composition Determinations  for  Proteins. 
 
Manufacturing and application processes of proteins and their solutions, depends on the   
strict control by physicochemical techniques on their   compositions, formulations and 
chemical  conformations, whose are found in the bibliography. 
 
Quality        control     of      proteins     is      necessary    for    various     reasons,    because    
not   always   reach    the  following the standard specifications.    Their   compositions,    
molecular   formulas   sometimes    may   not   be   both  as   provider  or   literature 
specifications.  More  detailed     analyzes  are  therefore   necessaries for  detection   of    
impurities, contamination   and    deterioration   likely   to harm packaged  medicines,   
suffering  bad   weather, fields of shares or radiation in storage areas. 
 
Considering the physicochemical conventional techniques for analysis and  purity   control,   
composition, molecular formulas and conformations,  neutron techniques  become an  
important tool of  analysis   as  a complement    to   these   techniques    because     involves     
measurements     of    the    atomic   nucleus geometrical area. Because it this neutron 
spectrometry is characterized as a nuclear purity analysis. 
 
When using neutron spectrometry, it is necessary to construct a basic molecular model of the 
protein with theirs constituting amino acids to obtain the cross-section of the compound. This 
requires the access to the amino acids neutron cross section database where in addition   one 
can find values  of  chemical  elements and small molecules forming the compounds of 
interest. These almost always   are connected to H atoms and some with N or S atoms. 
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1.4. Support Neutron Cross-Sections Database – Amino Acids Data 
 
A large  molecule  such  as  a protein can be  divided  into  smaller  groups  derived  from 
isolated amino acids molecules, whose neutron cross-section values are previously known. 
 
The data manipulation   starts   from the molecular structure analysis, conformation and 
chemistry  of  the amino acids, small molecules groups forming the protein. Neutron cross 
section for the whole molecule is obtained by summing the values of the individual amino 
acids neutron cross sections.    
 
The values of the total neutron cross-sections for each of the 20 essential and  not essential   
amino   acids were used in this procedure. Comparisons with data from manufacturers can 
demonstrate that the molecular formulas used in the calculations correspond to the reported in 
the literature. 
 
 
2. MATERIAL AND METHODS 
 
2.1. Neutron Cross-Sections Determinations 
 
Total neutron cross-sections measurements for all chemical elements and chemical 
compounds needed for this work are listed in the previous work and are presented in the table 
1. It was used the Crystal Spectrometer installed at the J-9 irradiation channel of the 
Argonauta Reactor (10kW) of the IEN Emerging neutrons from the irradiation channel 
presents a Maxwellian energy distribution.  These neutrons, for reflection by a crystal, gives a 
monochromatic beam collimated in the ideal energy of 0.05 eV at the angle 2θ=25.  
 
For the calibration of the system standard samples were used as   gold (Au)  (> 99.9%),  
grafita (C)(>99%) and   heavy water (D20) (99,7%)  and the neutron  cross-sections   of  20 
amino acids were obtained with the support of a database collected from diverse literature, 
including the manipulation of many compounds obtained at the IPEN [8,9], IEN and other 
publications[10-14]. 
 
Neutron cross section values were then obtained by neutron transmission technique, and are 
calculated by the formula                                                          
 
                                                                       σ η= 1/  ln 1/T                                                    (1) 
 
where    
 
 η   is the number of atoms per barn  in the sample, given by : 
 
η=N0 ρ x / A 
where 
 
 
N0   is the Avogadro number,  
ρ     is the sample density (g/cm3) 
x     is the sample thickness (cm)  
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A    is the atomic mass  
 
T    is the neutron transmission given by : 
 
                                                                                     T=(I-Ibg)/(I0-I0bg)                               (2) 
where, 
I-Ibg               is the neutron transmission intensity by the sample corrected for the background  
I0-I0 bg      is the neutron transmission intensity without the sample and corrected for the 
background. 
The atomic mass in equation 1, when applied for molecules, for chemical compounds or for 
polymers, becomes the molecular mass. A mean molecular mass can be calculated according 
to,  material structure and conformation.   
The error in the measurements is calculated by the error propagation formula, given by   
∆σ=1/η  ((∆I0’/I0)2 + (∆I’/I)2)1/2 
where   
∆I0’= ((∆I0)2 + (∆I0 bg’)2)1/2 
∆I’= ((∆I)2 + (∆I
 bg
’)2)1/2 
∆I0  ,  ∆I0 bg , ∆I ,  e   ∆I bg   are the Poisson errors in the respective intensities. 
 
 
3. RESULTS 
 
 
3.1. Protein Neutron Cross-Sections Estimated Values   
 
An estimated value for insulin total neutron cross-section was obtained. For this, the structure 
showed in the figure 1 and the amino acids data listed in the table 1 were used. 
 
Amino acids experimental and calculated data were used for the insulin  neutron cross-
section determination by neutron cross-section grouping and parceling method and resulted 
values for the  monomer,  21,139 and 20,818 barns, respectively, according to insulin 
molecular structure shown in the fig.1. 
 
These values give an relative error in the order of  2 % and refers to a grouping of 51 amino 
acids forming the insulin molecule. The real insulin total neutron cross-section value will be 
determinated with appropriated insulin samples that are being defined for the measurements 
counting with all experimental variables as sample transmission, mass, thickness, volume and 
density.   
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Figure 1.  Insulin Monomer Molecular Structure 
 
 
 
 
 
Table 1. Amino Acids Total Neutron Cross-Sections 
 
Sample σT(0,05eV) 
(barn) 
measured 
σT(0,05eV) (barn) 
calculated 
∆σ/σx100   (%) 
Treonine 378±17 377±0,3 0,3 
Cisteine 252±12 253±0,3 0,4 
Tirosine 512±24 500±0,3 2,4 
Phenilalanine 453±21 452±0,3 0,2 
Serine 276±15         286±5 3 
Methionine 467±20       472±9 1 
Thriptophane 552±35        547±10 5 
Glicine 188±21       170±3 10 
Alanine 257±15      275±6 6 
Proline 486±25       454±20 7 
Glutamine 503±25       458±20 9 
Lysine 660±35      605±30 8 
Arginine 672±35      625±30 7 
Histidine 406±20      405±15 0 
Glutamic  Acid 429±20      404±20 6 
Valine 475±20      440±10 8 
Methionine 511±20      484±10 5 
Leucine 470±20      539±10 15 
Isoleucine 565±20      538±10 5 
Aspartic Acid 316±20       294±10 7 
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4. CONCLUSIONS  
 
The application of the parceling and grouping method  in the treatment of molecular  neutron 
cross-sections  data has proved to be of great value in testing with amino acids. We can not 
yet say whether the same is true for the proteins, however it seems that it is possible to use it 
also as a complementary method of quality control in order to compare data with suppliers. 
 
Isomerias and solvation that confer solubility to the protein have not been evaluated or 
included in the calculations. It is therefore good reason for continuing these surveys mainly 
due to insulin relevance to medicine. Discussion is expected to experts so that the next 
research steps are defined. 
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